Introduction {#sec1}
============

Our behavior is often influenced by aesthetic preferences. There are numerous studies on the relationship between visual aesthetic judgments and preferences with visual features such as color ([@bib9]; [@bib10]; [@bib12]; [@bib20]; [@bib23]), spatial frequency ([@bib7]; [@bib8]), orientation ([@bib17]), and size ([@bib15]; [@bib19]). Such visual preferences often affect our behavior. For example, where to sit in a movie theater, where to stand in an art gallery, or where to move to enjoy a better view of an item of interest can be related to our visual preferences about size.

Several studies have investigated visual preferences regarding object size in pictures ([@bib2]; [@bib15]; [@bib16]; [@bib19]) and demonstrated that there is a canonical size for objects, which has a certain relationship to the size of the object in the real world. [@bib15] found that the preferred visual size of the picture of an object is proportional to the logarithm of its known physical size. In their experiments, participants performed several different tasks: viewing pictures of objects of different physical sizes within a frame, drawing objects, evaluating the size of imagined objects, and adjusting the size of displayed objects. All experiments consistently showed that smaller objects in the real world (e.g., strawberries or a key) were preferred to be smaller within the frame, whereas larger objects (e.g., piano or car) were preferred to be larger; this was termed *canonical size* effect. [@bib19] showed a very similar trend in a different experiment. Their participants observed two images surrounded by square frames containing the same object in random sizes relative to the frame and chose one of the two according to their aesthetic preferences. The average size chosen for the object image was strongly correlated with the logarithm of the physical size of the object. [@bib2] adopted a completely different methodology and analyzed pictures of diverse sizes from two databases of artistic images of animals; they found reliable positive correlations between the physical size of the animals depicted and the sizes of their drawn or painted images.

These findings suggest that the canonical size effect is robust and does not depend on task type. Therefore, there may be an optimal size for objects to be displayed on a screen. However, previous studies used still images, and although motion is very common in our visual world and moving objects are preferred over the same standing objects ([@bib27]), no serious study has investigated size preference with moving images. Therefore, in this study, we investigated size preference with visual stimuli containing motion.

Meanwhile, in recent years, displays have been increasing in size and resolution. As the typical domestic environment for watching TV, including the viewing distance, has hardly changed at all, retinal images of displayed images have also been getting larger. At least some parts of the human visual system are scale variant ([@bib4]; [@bib5]); thus, it is possible that the impression or perceptual experience of image contents would have changed with the expansion of retinal image size. Little is known, however, about the effect of object size changes on the visual experience. According to personal communications, some TV producers reported changing their methods for shooting videos according to the expected screen size; in the case of sumo games, some typical shots of wrestlers contained their bodies above the knees when the target screen size was 40 inches (diagonal), while a similar shot included the knees when the target screen size was 85 inches. This kind of "know-how" was acquired without understanding the reasons, and there is no scientific evidence to support the use of such methods.

In the current study, we quantitatively investigated size preference for moving images using psychophysical methods to examine the effect of viewing distance. We used a visual apparatus and movie content of very high definition in an effort to remove any negative influence of coarseness in the quality of the magnified images.

Experiment 1 {#sec2}
============

The preferred physical size of moving images displayed on an 85-in. liquid crystal display (LCD) was measured using psychophysical methods at two viewing distances.

Methods {#sec2-1}
-------

### Participants {#sec2-1-1}

Eighty-one adults (20 males and 61 females; age range 20--49 years, mean age 34.7 years, *SD* 8.2 years) participated in the experiment. They had normal or corrected-to-normal vision. Correction of vision was performed by contact lenses instead of glasses to avoid the invasion by the edges of the glasses into the visual field. All participants were paid for their participation and provided written informed consent prior to the experiment, in keeping with the 1964 Declaration of Helsinki. The study was approved by the ethics committee on human research of the Japan Broadcasting Corporation.

### Apparatus {#sec2-1-2}

The moving images were stored in a solid state disk (SSD) recorder (HR-7512; Astrodesign, Tokyo, Japan) and displayed on an 85-in. flat panel LCD (Prototype; Sharp, Osaka, Japan) whose screen was 189 cm wide and 106 cm high and had 7,680 by 4,320 pixels of spatial resolution (dual green), 60 fps of temporal resolution, and 158 cd/m^2^ of maximal luminance with a gamma value of 2.4. A computer was used to control the SSD recorder and record the responses of participants.

The participants were seated on a chair positioned in front of the display. The center point of the display and the participants' eyes were set at the same height. The viewing distance was 79 cm or 158 cm, corresponding to 0.75 H and 1.5 H, respectively, where H is a unit of length corresponding to the height of a given display monitor that is often used to describe the TV-viewing environment ([@bib13]). At these viewing distances, the horizontal angles of view were 100 and 61 degrees, respectively. For a display with 7,680 by 3,840 pixels, 0.75 H is the distance at which two adjacent pixels subtend at an angle of 1 arc-min according to the viewer\'s eye. The experiment was performed separately for each participant in a dimly lit room where the frame of the display could be recognized.

### Stimuli {#sec2-1-3}

Forty-three uncompressed moving images were used as visual stimuli. Each had a duration of 5 s and consisted of 300 frames. All the image materials were taken from movie content made for tests and demonstrations of Super Hi-Vision, which is the 8K ultra-high-definition TV (UHDTV) system ([@bib21]) developed by the Japan Broadcasting Corporation. The images included sceneries, animals, and artificial objects of physical sizes ranging from several centimeters to a hundred meters, as well as human faces and bodies ([Figure 1](#fig1){ref-type="fig"}). In this article, the materials that were permitted to be published appear as thumbnail photos, and the other materials appear as illustrations drawn by one of the authors. Contents of the moving images appearing in this article are briefly described in the [Supplementary Material](#jovi-20-3-6_s001){ref-type="supplementary-material"}.

![Examples of the moving images used as visual stimuli. All movies' aspect ratio was 16:9, and their duration was 5 s.](jovi-20-3-6-f001){#fig1}

Visual stimuli were generated from each moving image by resizing the dimensions of the original image, whose spatial resolution was 7,680 by 4,320 pixels, as follows: 0.25, 0.375, 0.5, 0.625, 0.75, 0.875, and 1.0; thus, the smallest image was 1,920 by 1,080 pixels. The area surrounding the shrunken image was a black background ([Figure 2](#fig2){ref-type="fig"}). Each participant was presented with a total of 301 stimuli, consisting of the seven sizes of each of the 43 different moving images.

![Process to produce visual stimuli. Visual stimuli were generated by shrinking the original images (7,680 by 4,320 pixels). Shrunk images were presented over a black background. Resizing factors ranged from 0.25 to 1.0 in 0.125 steps. This figure presents four out of the seven sizes.](jovi-20-3-6-f002){#fig2}

### Procedures {#sec2-1-4}

For each moving image displayed, the participants were asked to report whether they preferred watching it in a larger or smaller physical size than that shown (i.e., two-alternative forced-choice task: shrinking or enlarging). In each trial, the visual stimulus was first displayed in the center of the display monitor for 5 s, followed by a black screen. After disappearance of the stimuli, participants reported their preference by pressing one of two buttons. The participants performed the tasks at their own pace. All stimuli were presented once in random order, and there were 301 trials in total, which were divided into four separate sessions. The participants could take several minutes to rest between sessions. Before the first session, a practice session consisting of seven or more trials was performed.

A total of 41 participants performed the experiment with a viewing distance of 0.75 H, and the remaining 40 participants did so with a viewing distance of 1.5 H. Therefore, the effect of viewing distance was examined using a between-participants design. After the psychophysical experiment, the participants provided individual information, including their age, gender, visual acuity, and TV-watching habits (size of home TV and usual viewing distance).

### Analysis of data {#sec2-1-5}

All the data were analyzed for the two viewing distance conditions separately. A sigmoid function was fitted to the response ratios against the stimulus sizes, and the 50% response point was obtained as the preferred size for that image ([Figure 3](#fig3){ref-type="fig"}). This procedure was repeated for each moving image.

![Calculation of preferred physical size for each movie. The 50% threshold of the ratio of "shrink" responses was defined as the preferred size for the moving image.](jovi-20-3-6-f003){#fig3}

Results {#sec2-2}
-------

### Effect of content {#sec2-2-1}

The preferred image sizes, expressed as the ratio to the full screen, ranged from 0.40 to 0.90 of the original size in the 0.75-H viewing distance condition and from 0.46 to 1.07 in the 1.5-H condition ([Figure 4](#fig4){ref-type="fig"}). For both distance conditions, in general, the images with larger preferred size contained a scenery, or a distant object or person, and the images with smaller preferred size contained a close object or person. [Figure 5](#fig5){ref-type="fig"} shows thumbnails of the six largest-preferred-size images and the six smallest-preferred-size images for each distance condition.

![Histograms of preferred size of moving images in the two viewing distance conditions (upper: 0.75 H, lower: 1.5 H).](jovi-20-3-6-f004){#fig4}

![Images ranked according to preferred size for each viewing distance condition. The number under each image indicates the preferred size (ratio to full-screen display). For the upper 12 images, a larger size was preferred, and for the lower 12, a smaller size was selected.](jovi-20-3-6-f005){#fig5}

### Effect of viewing distance {#sec2-2-2}

The distribution of preferred size in the 1.5-H condition appears displaced to the right compared to that in the 0.75-H condition ([Figure 4](#fig4){ref-type="fig"}). Statistical testing showed that this displacement was significant, *t*(42) = 9.69, *p* \< 0.001, *d* = 1.48.

[Figure 6](#fig6){ref-type="fig"} shows the effect of viewing distance on individual movies. Each small dot indicates the preferred sizes of each moving image. The preferred sizes under the two viewing distance conditions were strongly correlated, *r*(41) = .95, *p* \< 0.001. The solid black oblique line indicates the line fitted by linear regression between them. Most of the dots are positioned above the dashed blue line indicating scale invariance on the screen (i.e., equal preferred size on the screen in both viewing distance conditions), which means that the preferred size on the screen increased when the viewing distance was doubled. However, this increase was much smaller than the orange dot-dash line indicating retinal scale invariance (i.e., equal preferred size on the retina in both conditions).

![Preferred size of individual movies. The red dots indicate individual movies and the black slid line is the regression line. The blue dashed line indicates the scale invariance relationship on the screen (i.e., equal preferred size on the screen in both viewing distance conditions). The orange dot-dash line indicates scale variance relationship on the retina (i.e., equal preferred size on the retina in both conditions).](jovi-20-3-6-f006){#fig6}

The ratio of preferred size at 1.5 H to that at 0.75 H was distributed around 1.1 ([Figure 7](#fig7){ref-type="fig"}), with the average ratio being 1.10, meaning that at the longer distance, images 10% larger than at the shorter distance were preferred.

![Histogram of distance effect (i.e., ratio of preferred size at 1.5 H to that at 0.75 H). A ratio of 1.0 means that preferred sizes were the same in both viewing distance conditions.](jovi-20-3-6-f007){#fig7}

### Individual differences {#sec2-2-3}

Using the same process for determining the preferred size for each moving image, the personal preferred size for each participant was determined to analyze individual differences. Since each participant observed each visual stimulus only once in order to reduce the experiment task load, it was not possible to determine the preferred size of individual moving images for individual participants. The personal preferred sizes exhibited a broad distribution ([Figure 8](#fig8){ref-type="fig"}). There was no significant difference between the two distance conditions, *t*(78.98) = 1.46, *p* = 0.15, *d* = 0.32.

![Distributions of preferred physical size for each participant as boxplots. The thick horizontal line indicates the median, the upper and lower edges of the box indicate top (Q1) and bottom quartiles (Q3), and the shorter horizontal lines (whiskers) above and below the box indicate the upper and lower ranges, at 1.5 times of the interquartile range to Q1 and Q3, respectively. Open circles indicate outliers, defined as data outside the range between the whiskers.](jovi-20-3-6-f008){#fig8}

These individual differences could not be accounted for by differences in participants' characteristics ([Table 1](#tbl1){ref-type="table"}): gender, age, visual acuity, size of home TVs, viewing distance from home TV, and ratio of TV size to viewing distance. After the correction of *p* values with the Benjamini-Hochberg method ([@bib1]), no individual characteristic showed a significant correlation with preferred size. Therefore, there seems to be no obvious explanation for the extent of individual differences at present.

###### 

Results of statistical tests examining the relationship between individual status difference and the preferred size for each viewing distance condition. *Note:* *p*~adj~ indicates corrected *p* values. *d* indicates Cohen\'s *d*.

                                         0.75 H                         1.5 H                                                  
  -------------------------------------- ------------------------------ ------- ------- ------------------------------ ------- -------
  Gender                                 *t*(34.3) = 0.38, *d* = 0.13   0.709   0.773   *t*(10.3) = 1.14, *d* = 0.47   0.281   0.462
  Age                                    *r*(39) = .14                  0.383   0.511   *r*(38) = --.002               0.991   0.991
  Visual acuity                          *r*(39) = .097                 0.544   0.653   *r*(38) = --.41                0.009   0.106
  Size of home TV                        *r*(39) = --.16                0.308   0.462   *r*(38) = --.22                0.167   0.462
  Viewing distance from home TV          *r*(39) = --.17                0.29    0.462   *r*(38) = --.34                0.03    0.179
  Ratio of TV size to viewing distance   *r*(39) = .16                  0.308   0.462   *r*(38) = .19                  0.24    0.462

Discussion {#sec2-3}
----------

Preferred size, which was defined as the ratio to the full screen, was obviously affected by viewing distance. The average on-screen preferred size increased about 10% with a doubling of the viewing distance; this size increase was much smaller than the decrease of the retinal image.

Preferred size was also affected by the content of movies. Apparently, larger sizes were preferred for sceneries as well as distant objects and persons, whereas for magnified or close objects and persons, smaller sizes were preferred. In the following experiment, we investigated the effects of such features of movies.

Experiment 2 {#sec3}
============

In order to examine the trends in preferred image size in relation to the content of movies observed in [Experiment 1](#sec2){ref-type="sec"}, participants categorized the movies according to their content, and we examined the relationship between types of content and preferred size measurements in the [Experiment 1](#sec2){ref-type="sec"}.

Methods {#sec3-1}
-------

### Participants {#sec3-1-1}

A total of 154 adults (76 males and 78 females; age range 20--47 years; mean age 33.5 years, *SD* 8.1 years) participated in the experiment. They had normal or corrected-to-normal vision. All the participants were paid for their participation and provided written informed consent prior to the experiment, in keeping with the 1964 Declaration of Helsinki. The study was approved by the ethics committee on human research of the Japan Broadcasting Corporation.

### Apparatus {#sec3-1-2}

The experiment was performed in a lit room. Ten participants participated in each slot simultaneously and were seated at least 1 m from their adjacent participants. The experiments were performed with a laptop computer equipped with a 15-in. LCD. The participants watched the stimuli at the usual distance to operate laptop computers.

### Stimuli {#sec3-1-3}

The 43 movies used in [Experiment 1](#sec2){ref-type="sec"} were used in [Experiment 2](#sec3){ref-type="sec"} as stimuli, as well as 72 additional movies; thus, a total of 115 movies were used in this experiment. Participants watched the movies displayed at full-screen size.

### Procedures {#sec3-1-4}

Since the 154 participants each observed the 35 movies that were randomly selected out of the 115 movies, there was a total of 5,390 instances of exposure, and on average, each movie was shown 46.9 times.

An experimental trial started after the start button was pressed. At first, a stimulus movie was displayed, which began to play automatically and repeatedly. Participants were instructed to watch each movie at least three times for each trial and to quit playback after they had made a decision regarding the experimental question, which involved classifying the movie into one of six categories according to its content: *person*, *group of people*, *body*, *animal*, *object*, or *scenery*.

### Results and discussion {#sec3-1-5}

In this article, only the results of the 43 movies used in [Experiment 1](#sec2){ref-type="sec"} are presented. [Figure 9](#fig9){ref-type="fig"} shows the response ratio of the six content categories for the movies arranged according to the mean preferred size measured in [Experiment 1](#sec2){ref-type="sec"}. There seems to be a trend that movies with smaller preferred size were often categorized as *person*, while movies with larger preferred size were often categorized as *scenery*.

![Results of content classification. The x-axis indicates the mean preferred size of the movies, and the y-axis represents the response ratio for each category.](jovi-20-3-6-f009){#fig9}

[Figure 10](#fig10){ref-type="fig"} shows the number of movies for each category (defined as the most frequent response among the six categories for each movie) and the average preferred size for each category. An analysis of variance of preferred size, except for the categories of *body*, *animal*, and *group of people*, whose number of categorized movies was zero or very few (*n* \< 4), found significant variation between the categories, *F*(2, 35) = 4.10, *p* = 0.025, ω^2 ^ = 0.14. A post hoc Tukey test showed that the difference between *scenery* and *person* was significant (0.14, 95% CI \[0.01, 0.26\], *p* = 0.028), but the other differences were not: *person*-*object* (--0.04, 95% CI \[--0.15, 0.07\], *p* = 0.65) and *scenery*-*object* (0.10, 95% CI \[--0.01, 0.20\], *p* = 0.08). Only the ratio of *scenery* classification showed a significant correlation with mean preferred size, *r*(41) = --.312, *p*~adj~ = .017 (adjusted using the Benjamini-Hochberg method; [@bib1]), while the other ratios showed nonsignificant correlations (*p*~adj~ \> .12).

![Preferred size for each category as a boxplot. Meanings of symbols are the same as in [Figure 8](#fig8){ref-type="fig"}. Numbers below the names of categories indicate the number of movies classified into each category. *Group of people*, *animal*, and *body* were excluded from statistical testing because of low numbers. The difference in preferred size between *scenery* and *person* was significant.](jovi-20-3-6-f010){#fig10}

These results partially confirm the apparent trend observed in [Experiment 1](#sec2){ref-type="sec"} that larger sizes were preferred for watching movies of sceneries and long-shots, while for movies of persons, objects, and close-shots, smaller sizes were preferred. Thus, the type of movie content seemed to affect the preferred size. However, the quantitative differences among these categories were not clearly investigated. In the following experiment, we examined the size of the main subject in each image to investigate its relationship with the preferred image size.

Experiment 3 {#sec4}
============

The canonical size effect was reported to be related to the real-world size of the stimulus objects ([@bib15]; [@bib19]). However, it is unclear whether the objects in our stimulus would be included in this type of preference. Therefore, we examined the relationship between the most salient object in the images and the preferred image size. For this purpose, we asked the participants to determine these features and report on their real-world sizes.

Methods {#sec4-1}
-------

### Participants {#sec4-1-1}

Fifty adults (25 males and 25 females; age range 23--46 years; mean age 32.8 years, *SD* 8.3 years) participated in the experiment. They had normal or corrected-to-normal vision. All the participants were paid for their participation and provided written informed consent prior to the experiment, in keeping with the 1964 Declaration of Helsinki. The study was approved by the ethics committee on human research of the Japan Broadcasting Corporation.

### Apparatus {#sec4-1-2}

The experiment was performed in four separate sessions with 12 or 13 participants for each session. The participants used laptop computers equipped with a 15-in. LCD screen with a spatial resolution of 1,920 by 1,080 pixels. The participants observed the stimuli at the usual distance required to operate a laptop computer in a lit room.

### Stimuli {#sec4-1-3}

Thirty movies out of the 43 movies used in [Experiment 1](#sec2){ref-type="sec"} were used in [Experiment 3](#sec4){ref-type="sec"} as stimuli. Participants observed the stimulus images displayed with a user interface with buttons and a slider.

### Procedures {#sec4-1-4}

Participants were asked to determine the main subject of the motion picture by circling the area considered to be the main subject and to estimate the physical size of the area in the real world by responding with a slider. In the case of [Figure 11](#fig11){ref-type="fig"}, one participant identified the area of an aircraft as the main subject, and it can be supposed that the participant reported its size to be about 40--50 m.

![An example of the screens the participants observed in [Experiment 2](#sec3){ref-type="sec"}. (A) The stimulus movie was played once on the full screen at the beginning of a trial. (B) Participants drew a red circle indicating the area of the main subject of the image by dragging their mouse. (C) Participants evaluated the real-world size of the main subject and input this size by manipulating the slider. B and C were repeated five times for the image frames in intervals of 1,250 ms from the stimulus movie.](jovi-20-3-6-f011){#fig11}

A movie was played once ([Figure 11](#fig11){ref-type="fig"}A) at the beginning of a trial at full screen, followed by a responding phase ([Figure 11](#fig11){ref-type="fig"}B). In the responding phase, a still image was displayed on the top-left corner of the screen, and below the image, the participant\'s progress at that time was displayed. At the top-right corner of the screen, the movie was played repeatedly. Just below the movie, a progress bar was displayed together with a red upward-pointing arrow indicating the timing of the image that the participant was engaging with at that time. The participants were asked to circle the area considered to be the main subject of the image by dragging their mouse ([Figure 11](#fig11){ref-type="fig"}B). Immediately after the participant finished dragging the mouse, the trajectory was transformed to the smallest rectangle that could enclose the trajectory ([Figure 11](#fig11){ref-type="fig"}C). The participant was asked to report the length of the longer edge of the rectangle as a real-world physical size using a slider. The horizontal position of the sliding indicator corresponded to the logarithmic size of the area, ranging from 0.1 cm to 3.0 km, and the leftmost and the rightmost positions of the slider corresponded to "extremely small" and "extremely large," respectively. Just above the slider, a linear numeric value of the size was displayed with the unit of length. If the participants evaluated the image as having multiple main subjects, they were allowed to circle objects and report their sizes up to three times in total. After participants pressed a button labeled "Next image," the next image frame was displayed. The participants performed this process five times for different image frames whose timings were 0, 1,250, 2,500, 3,750, and 5,000 ms from the beginning.

### Results and discussion {#sec4-1-5}

The process for calculating the estimated real-world size of the main subject for each movie includes the following steps. First, the size value for a frame was determined. Then, if only a single area was evaluated as the main subject in the frame, its estimated size was recorded. Otherwise, multiple reported size values were averaged logarithmically to show the size of representative objects. We used a logarithmic scale because previous studies suggested that the logarithmic size of the objects was involved in the canonical size effect ([@bib15]; [@bib19]). Subsequently, all 250 of these values (50 participants by five frames) were averaged over participants and frames. In this averaging process, the upper and lower 10% of values were omitted to reduce the effect of outliers, and the averaging was also performed logarithmically. Consequently, the averaged real-world size of the main subject was computed for each stimulus movie.

Pearson\'s product-moment correlation coefficient was computed to assess the relationship between the logarithm of the real-world size of the main subject and the preferred image size as a ratio to the full screen averaged over the two viewing distance conditions. A scatterplot summarizes the results ([Figure 12](#fig12){ref-type="fig"}) and shows a strong, positive correlation between the real-world size and the preferred image size, *r*(28) = 0.684, *p* = 0.00003, which is consistent with previous studies ([@bib15]; [@bib19]) that reported a correlation between the size preference and the logarithmic size of objects. The canonical size effect was replicated quantitatively for the main objects in the moving pictures.

![The relationship between the estimated size of the main subjects and the preferred image size. The x-axis indicates the estimated size in the logarithmic scale. The y-axis indicates the preferred image size measured in [Experiment 1](#sec2){ref-type="sec"} averaged over the two viewing distance conditions. A red line represents a regression line and the gray area represents 95% confidence intervals. Symbols represent categories classified in [Experiment 2](#sec3){ref-type="sec"} and shown in [Figure 10](#fig10){ref-type="fig"}.](jovi-20-3-6-f012){#fig12}

In terms of the categories classified in [Experiment 2](#sec3){ref-type="sec"}, it appears that the real-world size of *Scenery* might be larger than that of *Object*. An analysis of variance of the estimated real-world size, however, showed no significant difference among the categories, *F*(4, 25) = 2.01, *p* = 0.12, ω^2^ = 0.12.

### General discussion {#sec4-1-6}

We measured the preferred physical size of high-resolution moving images displayed on an 8K UHDTV using psychophysical methods. The preferred size varied with the content of movies. A change in viewing distance resulted in little or no change in the trend of variance of the preferred size related to movie contents. The average on-screen preferred size increased about 10% with a doubling of the viewing distance; this increase was much smaller than the reduction in the retinal image caused by the increase in viewing distance.

In a previous study investigating image size preference ([@bib19]), where participants observed object images of varying sizes surrounded by a rectangular frame and selected the best size according to their aesthetical preferences, the selected size was found to be proportional to the logarithm of the object\'s physical size. In another study, participants were required to draw a picture of a named object on a sheet of paper ([@bib15]). The ratio of the size of drawn objects to the paper size was also proportional to the logarithm of the physical size of the objects. This ratio did not vary with the size of paper; therefore, the aesthetically preferred size of objects seemed to be linked to the size of the surrounding frame. In a different context, [@bib11] quantitatively investigated the relationship between the physical size of objects and the distance at which they were spontaneously imagined ("first-sight" distance) and found evidence for a power-law relationship between object size and first-sight distance. Since viewing distance is inversely related to the retinal object size, this finding would be consistent with the two abovementioned studies ([@bib15]; [@bib19]).

In our current study, larger preferred sizes were often observed for sceneries and distant objects and persons, while smaller sizes were often preferred for magnified or close objects and persons. This trend seems consistent with previous studies ([@bib15]; [@bib19]) and was confirmed quantitatively, at least partially, by the significant difference in preferred size between the two types of stimuli, *scenery* and *person*. Since sceneries generally contain very large objects (e.g., mountain, sea, and rice field) and are obviously larger than persons, our data seem consistent with previous findings.

This observation was for whole images, not for individual objects in scenes; we examined the relationship between the size of the main objects of the images and the size preference and found a significant positive correlation, the canonical size effect ([@bib15]; [@bib19]) in moving pictures.

We also examined the effects of three image statistics on the preferred image size: average luminance, deviation of luminance variable, and spatial frequency distribution. For calculation of the luminance image statistics, images were resized to 1,920 by 1,080 pixels from the original size, and statistics were averaged over 10 image frames extracted in intervals of 0.5 s for 300 frames. Not surprisingly, Pearson\'s product-moment correlation coefficients with the preferred image size were not significant for mean luminance, *r*(41) = --0.12, *p* = 0.43, and standard deviation of luminance, *r*(41) = --0.06, *p* = 0.73.

Spatial frequency distribution was characterized by the slope of the power spectrum because the logarithmic value of Fourier power spectra of natural images tends to be inversely proportional to the power of spatial frequency as *f*^−^*^s^*, where *f* and *s* indicate spatial frequency and a constant ([@bib3]; [@bib6]; [@bib28]; [@bib29]). We calculated the Fourier power spectra as radially averaged two-dimensional Fourier power computed from the 1,024-by-1,024-pixel images resized from the 3,840-by-3,840-pixel center square area of the original images. We averaged the power spectra over 10 image frames extracted in intervals of 0.5 s for each motion picture, similar to the processes for luminance statistics ([Figure 13](#fig13){ref-type="fig"}A). Subsequently, the slopes of the regression lines for the spectral power against the spatial frequency in the log-log domain were computed. Pearson\'s product-moment correlation coefficient between the slopes and the preferred image size was significant, *r*(41) = 0.40, *p* = 0.008 ([Figure 13](#fig13){ref-type="fig"}B). In addition, the slopes showed a significant difference among the categories determined in [Experiment 2](#sec3){ref-type="sec"} based on an analysis of variance with those three categories, *F*(2, 35) = 3.68, *p* = 0.035, ω^2 ^ = 0.12, and a post hoc Tukey test showed that the difference between *scenery* and *person* was significant (0.35, 95% CI \[0.03, 0.67\], *p* = 0.032), but the other differences, *person*-*object* (--0.13, 95% CI \[--0.43, 0.15\], *p* = 0.50) and *scenery*-*object* (0.21, 95% CI \[--0.06, 0.49\], *p* = 0.15), were not ([Figure 13](#fig13){ref-type="fig"}C). This trend regarding the image statistics is consistent with that found in a previous study ([@bib25]) that reported that photos of human faces showed a steeper slope than natural scenes did. Therefore, it is plausible that the relationship between the preferred image size and the categories found in [Experiment 2](#sec3){ref-type="sec"} could be accounted for by the spatial frequency characteristics, at least partially. However, since the correlation coefficients of the preferred size to the power spectrum distribution were smaller than those to the evaluated size of the main objects, *r*~slope~ = 0.39, *r*~size~ = 0.68, *z* = 1.69, *p* = 0.090 ([@bib24]), it does not seem that spatial frequency distribution plays a deterministic role exclusively, and it would not be reasonable to rule out the idea that the size of main objects in the images played some role related to the participants' size preference. This view was supported by the result of the multiple regression analysis testing if the spatial frequency distribution (the slopes of the regression lines of the power spectra) and the evaluated size of the main subject predicted the preferred image size. The results of the regression indicated the two predictors explained 49.1% of the variance \[adjusted *R*^2^ =0.491, *F*(2, 27) = 15, *p* \< 0.0001\] and found that the evaluated size significantly predicted the preferred size (*β* = 0.085, 95% CI \[0.047, 0.122\], *p* \< 0.0001) but the slope did not (*β* = 0.112, 95% CI \[--0.014, 0.239\], *p* = 0.08).

![(A) Fourier power spectra. In the log-log plane, Fourier power was plotted as a function of spectral frequency. The power spectra were computed by radially averaging the two-dimensional Fourier power. Curves indicate the spectrum of each movie, and they are colored according to the categories determined in [Experiment 2](#sec3){ref-type="sec"}. (B) The relationship between the preferred image size and the slope of the regression line of the power spectrum. The dots represent each movie. (C) Distributions of the slopes of the regression lines for the three categories.](jovi-20-3-6-f013){#fig13}

The difference in preferred size involved in changing the viewing distance was much smaller than that expected in terms of scale invariance on the retina ([Figure 6](#fig6){ref-type="fig"}). This result could suggest that preferred size would be basically linked to the physical size of the frame rather than the retinal size. This trend also seems consistent with a previous study ([@bib15]). The similarities between the current and previous studies suggests that our work expands the findings regarding still single objects by also including results of natural scenes and moving images.

The effect of viewing distance was modest but not negligible. Our data showed that the preferred size on the screen increased about 10% with a doubling of the viewing distance, which reduced the size of the frame on the retina by a half. [@bib15], however, showed that the change of paper size that induced the change of the frame size on the retina did not change the size ratio of drawn objects to paper. Thus, changing the frame size on the retina affected preferred size in our data but did not in [@bib15]. There are two plausible accounts for this discrepancy. One involves the method of changing the frame size. While [@bib15] changed the size of paper but did not change the viewing distance, we changed the viewing distance but did not change the size of the screen. This suggests that the frame of the screen would not always play a role as a reference frame for comfortable size in visual object representation. If comfortable size could be determined as a ratio to some virtual reference frame, it is supposed that the reference frame could not be uniquely determined either on the retina or on the screen. The other factor involved in the frame size effect would be the content of stimuli. While previous research used still single objects as stimuli, we used movies of natural scenes. Therefore, our stimuli included a background area surrounding the main subject as well as motion components.

In order to investigate the effect of the background area surrounding the main subject, we compared the images that showed the largest and the smallest viewing distance effects. [Figure 14](#fig14){ref-type="fig"} shows the images and their distance from the regression line, which is shown in [Figure 6](#fig6){ref-type="fig"} as a black solid line. Larger distance values indicate a larger viewing distance effect; preferred size was much larger in the longer than in the shorter viewing distance condition. In the upper and lower rows in [Figure 14](#fig14){ref-type="fig"} are the five images with the highest and lowest distance values, respectively. An obvious difference between the images in the upper and lower rows was not found regarding background areas surrounding the object assumed to be the main subject in each image. Some images have many objects in the background area, while other images have sparse background areas. Thus, the background area did not seem to have been involved in the different trends in terms of the frame size effect.

![Distance from the regression line and Δ*L*. The upper row of numbers below images are the distances from the regression line of preferred sizes between the two viewing distance conditions in [Figure 6](#fig6){ref-type="fig"}. Positive numbers indicate results above the line and negative numbers below the line. The lower row of numbers below the images indicate Δ*L*, a motion-related index calculated as the root mean square of the pixelwise difference in luminance between adjacent motion frames. The upper and lower rows of images have the highest and the lowest values of distance, respectively.](jovi-20-3-6-f014){#fig14}

A previous study investigating the effect of screen size and viewing distance on visually induced motion sickness ([@bib26]) revealed that some components of the motion sickness symptoms were affected by the screen size, while others were affected by the retinal image size. It seems possible that increased feelings of discomfort related to visually induced motion sickness could be due to an increase in motion intensity caused by the enlarged retinal image at a shorter viewing distance, and such feelings could be involved in the preference for smaller size at shorter viewing distance.

In order to investigate the effect of the motion component contained in our visual stimuli on preferred size, we examined the relationship between several statistics derived from preferred size and Δ*L*, an index of motion, calculated as the root mean square of pixelwise difference of luminance between adjacent motion frames by $$\begin{array}{r}
{\mspace{-3780mu}\Delta L = \sqrt{\frac{1}{\left( f - 1 \right) \cdot w \cdot h}\sum_{t = 2}^{f}\sum_{x = 1}^{w}\sum_{y = 1}^{h}\left( L_{x,y,t} - L_{x,y,t - 1} \right)^{2}}} \\
\end{array}$$where *L~x~*~,~*~y~*~,~*~t~* is the luminance at position *x*, *y* in the frame *t*, *w* and *h* are the width and height of the image, respectively, and *f* is the number of frames, 300. Δ*L* was obtained for each movie resized to 1,920 by 1,080 pixels.

We examined the correlation of Δ*L* or logarithm of Δ*L* with several statistics derived from preferred size (i.e., average over viewing distances, ratio, and difference between the two viewing distances). No significant correlations, however, were observed (*p*s \> .27). [Figure 14](#fig14){ref-type="fig"} shows the images with the highest and lowest values of distance from the regression line, indicating the viewing distance effect. No obvious trend was found in the relationship between the viewing distance effect and the motion component represented by Δ*L*. Thus, at least at the moment, we could not identify an effect of motion contained in movie stimuli.

The change in preferred size with viewing distance could be considered in some respects the result of failure in size constancy ([@bib14]; [@bib18]; [@bib22]). If size constancy worked perfectly, preferred size would not vary with viewing distance and would be constant on the screen, and if size constancy did not work at all, preferred size would be constant on the retina. Our results actually fall between these two scenarios.

According to the above discussions, the change in preferred size of about 10% induced by the viewing distance variation may be due to a difference in estimated distance. The detailed rationale, however, has not been clarified so far, and further investigation is needed.

A previous study using still images ([@bib19]) reported that the relationship between preferred size and real-world size was weakened by a reduction in the amount of image detail. It seems plausible that a high-resolution display, such as the 8K UHDTV, may underlie the similar size relationship observed in our study. From the perspective of application, since visual displays have been becoming larger and denser in recent years, such a size effect may be more salient than before and become an important issue in movie production.

Conclusions {#sec5}
===========

We measured the preferred physical size of short-duration moving images presented on a large high-resolution display at two different viewing distances, namely 0.75 and 1.5 times the height of the monitor. The results showed that the preferred size of the images varied strongly depending on their content; in particular, the real-world physical size of the main object contained in the images seemed to be involved in the participants' preferences. The preferred size at the longer viewing distance was 10% larger than at the shorter viewing distance. This difference was not observed in previous research on size preference using still images of single objects. The detailed rationale of such a trend was not elucidated; however, the presumed cause would not be related to the content of images, motion component, or background area but to the environment, viewing distance, and screen size.
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